Ermenek is one of the curious settlement areas because of its topographical features in 10 Karaman (Turkey). The city is located in northern side of the very steep cliffs formed by 11 jointed limestone which are suddenly increased from 1250 m to 1850 m. Moreover, these 12 cliffs having almost 90° slope dip are the main rockfall source areas due to their lithological 13 characteristics, climatic effects and engineering properties of rock units. Up to now, 14 depending on rockfall events, almost 500 residences were damaged severely, and losses of 15 lives were also recorded in Ermenek. The rockfall phonemon are initiated by discontinuities, 16 lithological changes, weathering and freeze-thaw process in the study area. In this study, 17 extensive fieldwork including determination of location and dimension of hanging, detached 18 and already fallen blocks, a detailed discontinuity survey, description of geological, 19 morphological and topographical characteristics was performed. Besides, rockfall hazard is 20 evaluated by two-dimensional rockfall analyses along 10 profiles. During the rockfall 21 analyses; run out distance, bounce height, kinetic energy and velocity of various size of 22 blocks for each profiles are determined by using RocFall v4.0 software. The results obtained 23 from rockfall analyses were used to map the areas possible rockfall hazard zones and 24 rockfall source areas were interpreted. 25
Introduction 38 39
Rockfall is a fast movement of the blocks which are detached from the bedrock along 40 discontinuities that slides, rolls or falls along vertically travels down slope by bouncing and 41 flying along trajectories (Varnes, 1978; Whalley 1984; Dorren 2003) . Due to their high speed 42 and energy, rockfalls can be admissible as a substantially destructive mass movement 43 resulting in significant damage and loss of live. This movement is mainly controlled by the 44 geological conditions of the rock units, climatic influences and the weathering processes. 45
Besides, discontinuity patterns and the related intersections are also played an important role 46 of the size and shape of the detached blocks (Perret et al. 2004) . 47
48
The slope characteristics are very significant factors for the rockfall events. The normal (rn) 49 and tangential (rt) components of coefficient of restitution, are related to the slope 50 characteristics that control behavior of the falling blocks and they are the most crucial input 51 parameters for rockfall analyses (Chau et al. 1996) . Both components of coefficient of 52 restitution are related to material covering the surface, vegetation, surface roughness, and 53 radius of the falling rocks (Dorren et al., 2004) . The coefficient of restitution with normal and 54 tangential components are best determined by the field tests and back analysis of the fallen 55 blocks. Although many researchers are revealed several techniques to determine the 56 coefficient of restitutions, these parameters should be identified individually for each side 57 because of the different geometrical features and mechanical properties of the slopes 58 (Agliardi and Crosta 2003; Dorren et. al, 2004; Evans and Hungr 1993; Robotham et al. 59 1995; Pfeiffer and Bowen 1989; Ulusay et al. 2006; Topal et al 2007; Topal et al., 2012 , Buzzi 60 et al 2012 . On the other hand, slope inclination and slope properties are also affecting the 61 runout distances of the falling blocks (Okura et al., 2000) . The slope surface of a hard rock 62 and free from vegetation cover is more dangerous then the surface covered by vegetation or 63 talus material because of the fact that it does not retard the movement of falling blocks. 64
65
To simulate fall of a blocks down a slope and to compute rockfall trajectories, various two 66 dimensional (2D) or tree dimensional (3D) and 2D-3D Discontinuous Deformation Analysis 67 (DDA) programs have been developed and tested during the last few years and many of 68 study considering with rockfall analyses and simulations are carried out. Additionally, the 69 rockfall susceptibility and hazard maps are produced using both two and tree dimensional 70 rockfall analysis technique considering with mostly traveling distance of falling blocks. 71 (Bassato et al. 1985; Falcetta 1985; Bozzolo and Pamini 1986; Hoek 1987 Nat. Hazards Earth Syst. Sci. Discuss., doi:10.5194/nhess-2015 Discuss., doi:10.5194/nhess- -337, 2016 Manuscript under review for journal Nat. Hazards Earth Syst. Sci. Published: 19 January 2016 c Author(s) 2016. CC-BY 3.0 License. 2009, Binal and Ercanoglu 2010; Zorlu et. al 2011; Katz et al 2011; 75 Topal et al 2012; Chen et al. 1994; Keskin 2013) . 76
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77
In this study, rockfall analyses are performed in Ermenek district located on very steep cliffs 78 considering past recorded phenomenon and recently ongoing threats of event (Fig 1) . The 79 rockfalls occur very close to residential area and already damaged the houses and 80 unfortunately have been losses of lives. To reveal the rockfall potential of the study area, an 81 extensive field work including detailed discontinuity survey, determination of location and 82 dimensions of hanging, detached and already falling blocks, and also back analyses was 83 carried out. Two dimensional rockfall analyses are conducted along 10 selected profile to 84 assess the block trajectories, runout distance, kinetic energy and bounce high of the blocks, 85 based on field and laboratory test data. Then a rockfall danger zonation map was produced 86 by means of the results obtained from rockfall analyses and areal extention of rockfall was 87 delineated. When considering location, climatic adversities and geological factors of the study 88 area, some remedial measures can be arguable. Despite the unfavourable conditions, 89 possible remedial measures are suggested for the study area. 90
91
Geological Settings 92 93
The Ermenek basin is one of the Neogene intramontane molasse basin formed in Central 94 Taurides, the orogenic belt's segment streching between the Isparta angle to west and the 95 Ecemiş Fault to the east (Özgül, 1976; Ilgar and Nemec, 2005 (Fig 2) . Upper Miocene also interfinger and they have transitional contacts with each other (Fig 3) . (Fig 4a) , slope gradients exceed 90º from 0º (Fig 4b) and 141 the general physiographic trend of the study area is about S-SE (Fig 4c) Table 1 . 157
158
The X-ray diffraction analyses (XRD) are also applied to the specimens to assess the relative 159 quantity of minerals (Table 1) 
175
Kinematic analyses of the discontinuities are conducted for western, northern and eastern 176 slopes of the study area. Kinematic analyses show that two different failure types observed 177 on the slopes. Although sliding is encountered as a main failure type on the each slope, 178 toppling type of failure is occurred only western and northern part (Fig 8) . 179
During the field work, already fallen and hanging blocks in various dimensions were observed 180 in the study area. For real approaches at rockfall modeling, size, location and runout distance 181 of fallen blocks were determined (Fig 9) . In addition to various sizes of hanging blocks, 182 different rockfall source area was also observed during the field study (Fig 10) . Besides, 183 block samples were taken in the field for laboratory test. While taken block sample, 184 systematic sampling was carried out from bottom to top of slopes due to its different 185 5 Nat. Hazards Earth Syst. Sci. Discuss., doi:10.5194/nhess-2015 Discuss., doi:10.5194/nhess- -337, 2016 Manuscript under review for journal Nat. Hazards Earth Syst. Sci. and tangential), slope geometry, roughness of slope and weight of hanging blocks. The slope 213 geometry is revealed from 1/1.000 scale topographic map. When considering lithological 214 features, distance from settlement district and location of rockfall source areas, ten slope 215 profile selected for rockfall simulation analysis (Fig 11) . In the field study, hanging blocks are 216 determined and weight of reachable block is calculated by using unit weight and volume of 217 the rock (Fig 12) . The hanging or detached blocks had various dimensions due to the 218 discontinuity orientation, spacing and their mineralogical composition affected by weathering 219 processes. The calculated hanging blocks weights vary between 75 kg and 9.800 kg for 220 different rockfall source areas (see Fig 10) . For selected ten profiles, different rock masses 221 (100 kg, 1.000 kg and 10.000 kg) were used in the rockfall analyses considering block sizes 222 Back analyses were performed to determine the coefficient of restitution with ten blocks in the 239 field considering the size and the shape of the blocks and the slope characteristics (Fig 13) . 240
The results of the analyses, normal and tangential coefficients of restitution values belong the 241 fallen rocks are determined as (0.33±0.04) and 0.63±0.19) respectively. In addition to 242 coefficients of restitution, friction angle was determined by field back analyses as 32.5˚. 243
During the rockfall analyses 1.000 rock blocks were thrown. The slope roughness which is 244 another input parameter of rockfall simulation analyses was taken as 2˚in based on the 245 angle between rough surfaces. The input parameters used for rockfall analyses are given in 246 Table 3 . 247
248
Rockfall simulation analyses were performed ten profiles as mentioned above. The limestone 249 and fossiliferous limestone units resisting against weathering, upper zones of weaker 250 lithological unit claystone-marl accepted as rockfall source areas, based on field conditions 251 (Fig 14) . During the rockfall analyses, different rock masses (100 kg, 1.000 kg, 10.000 kg) 252 were used for each profiles considering the real masses of hanging blocks in the study area. 253
One of the typical examples of a rockfall trajectory is given in Fig. 15 .The runout distance, 254 bounce height, kinetic energy and velocity of the blocks were predicted by rockfall analyses. 255
According to the results of the analyses, maximum runout distance reaches 660 m, kinetic 256 energy 1.750.000 kJ and velocity is 46.3 m/s for the free falling of the 1000 kg blocks. The 257 results of analyses are summarized in Table 4 . A rockfall danger zone map was produced by 258 using the results obtained from rockfall analyses considering maximum runout distance of 259 
Results and conclusions 278 279
Ermenek is a spectacular settlement area located in very steep cliffs with a height of 1850 m. 280
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